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$\mathrm{C}$ ‘ $\mathrm{C}$ [ $u_{1},$ $\ldots,$ up], $\mathrm{C}$ ( $u_{1},$ $\ldots$ , up), $\mathrm{C}\{u_{1}, \ldots, u_{\ell}\}$ $\mathrm{C}$
$u_{1},$ $\ldots$ ,
$F(x, u_{1,\ldots,\ell}u)\text{ }$ $(s_{1}, \ldots, s_{\ell})$ $(u_{1}, \ldots, u\ell)$
$(s_{1}, \ldots, s_{\ell})$ $(u),$ $(s)$ $f(u)$ $u_{1},$ $\ldots,$ $u\ell$




Hensel $u_{i}=s_{i}+v_{i}(i=1, \ldots, \ell)$
$v_{1},$ $\ldots$ ,
$\{$
$F(x, s+v)$ $=$ $F^{(0)}(_{X)}+F^{()}1(x, v)+\cdots+F(E)(_{X}, v)$ ,
$\mathrm{t}\deg_{v}(F(k)(x, v))=k$ $(k=0,1, \ldots, E)$ ,









$F^{(0)}(x)=G_{1}^{(0)}(X)\cdots G^{(}r0)(x)$ , $r\geq 2$ ,
$\deg(G_{i}^{(0)})=n_{i}$ , $\mathrm{g}\mathrm{c}\mathrm{d}(G_{i}^{(}, G_{j}(0))0)=1(\forall i\neq j)$ ,
(3)
$\{$
$W_{1}^{(l)}(x) \frac{F^{(0)}(x)}{G_{1}^{(0)}(x)}+$ $\cdot$ . . $+W_{r}^{(l)}(x) \frac{F^{(0)}(x)}{G_{i}^{(0)}(x)}=x^{l}$ $(l=0,1, \ldots, n-1)$ ,
(4)
$\deg(W_{r}(l)(x))<\deg(G_{i}(0)(x))=n_{i}$ $(i=1, \ldots, r)$ .
$k=1\Rightarrow 2\Rightarrow\cdots$ $G_{i}^{(k)}(x, v)(i=1, \ldots, r)$
$D^{(k)}\equiv F(x, s+v)-G_{1}^{(1)}k-(x, v)\cdots c_{r}^{(}k-1)(x, v)$ $(\mathrm{m}\mathrm{o}\mathrm{d} (v)^{k+1})$
$=d_{n-1}^{(k}()v)X1n-+\cdots+d_{0}^{(k)}(v)_{X^{0}}$ , $k\geq 1$ , (5)
$G_{i}^{(k)}=G_{i}+\delta(k-1)c_{i}(k)$ , $\delta G_{i}^{(k)}=W_{i}\otimes D^{()}k\mathrm{d}\mathrm{e}\mathrm{f}=\sum_{l=0}^{n-1}W_{i}^{(l)}(X)\cdot d_{\iota}(k)(v)$ . (6)
2.2 Hensel
Hensel Hensel Hensel
2 1989 Kuo $[\mathrm{K}\mathrm{u}\mathrm{o}89]\text{ }$
1993 Sasaki Kako Kuo $[\mathrm{S}\mathrm{K}99]_{0}$
$f_{n-1}(0)=\cdots=f\mathrm{o}(0)=0$
Hensel $F(x, u)\vdash*F$ ( $x$ , tu)
$u_{1},$ $\ldots,$ up $t$
Newton
1 (Newton line $L_{\mathrm{N}\mathrm{e}\mathrm{w}}$ and Newton polynomial $\hat{F}_{\mathrm{N}\mathrm{e}\mathrm{w}}(X,$ $u)$ for $F(x,$ $u)$ )
1. For each monomial $T=cxtiju_{1}^{j}1\ldots u_{\ell}^{jl}$ of $F$ ( $x$ , tu), with $c\in \mathrm{C}$ $andj=j_{1}+\cdots+j_{\ell}$ ,
plot adot at the point $(i, j)$ in the $(e_{x}, e_{t})$ -plane;
2. Let $L_{\mathrm{N}\mathrm{e}\mathrm{w}}$ be a straight line in $(e_{x}, e_{t})$ -plane, such that it passes the point $(n, 0)$ and
another dot plotted and that any dot plotted is not below $L_{\mathrm{N}\mathrm{e}\mathrm{w}}$ ;
3. Construct $\hat{F}_{\mathrm{N}\mathrm{e}\mathrm{w}}$ ( $X$ , tu) by summing all the monomials which are plotted on $L_{\mathrm{N}\mathrm{e}\mathrm{w}}$
15
Newton \mbox{\boldmath $\lambda$} $\hat{F}_{\mathrm{N}\mathrm{e}\mathrm{w}}$ ( $X$ , tu) $x$ $t^{\lambda}$
$I_{k}$ Newton $L_{\mathrm{N}\mathrm{e}\mathrm{w}}$ $e_{x}/n+e_{t}/e=1$ $((0, e)$
$L_{\mathrm{N}\mathrm{e}\mathrm{w}}$ et- ) $\hat{n}$ , \^e $\hat{e}/\hat{n}=e/n,$ $\mathrm{g}\mathrm{c}\mathrm{d}(\hat{n},\hat{e})=1$
$I_{k}=\langle x^{n}t(k+0)/\hat{n}, x^{n-1}t(k+\hat{e})/\hat{n}, \cdot. . , x^{0}t^{(k+n}\hat{e})/\hat{n}\rangle$ . (7)





$\hat{F}_{\mathrm{N}\mathrm{e}\mathrm{w}}(X, tu)=\hat{G}_{1}^{(0)}$ ( $x,$ tu) $\cdots\hat{G}r(0)$ ( $x$ , tu), $r\geq 2$ ,
$\deg(\hat{c}_{i}^{(0}))=n_{i}$ , $\mathrm{g}\mathrm{c}\mathrm{d}(\hat{G}_{i}^{()},\hat{G}_{j}^{(0)}0)=1(\forall i\neq j)$ .
(8)
– Hensel Moses-Yun
$\hat{W}_{i}^{(l)}$ ( $x$ , tu) $(i=1, \ldots, r;l=0,1, \ldots, n)$
$\{$
$\hat{W}_{1}^{(l)}$ ( $X$ , tu) $\frac{\hat{F}_{\mathrm{N}\mathrm{e}\mathrm{w}}(_{X},tu)}{\hat{c}_{1}^{(0)}(_{X},tu)}+$ $\cdot$ . . $+ \hat{W}_{r}^{(l)}(X, tu)\frac{\hat{F}_{\mathrm{N}\mathrm{e}\mathrm{w}}(_{X},tu)}{\hat{c}_{r}^{(0)}(_{X},tu)}=x^{l}$ ,
$\deg(\hat{W}_{i}(\iota) (x, tu))<\deg$( $\hat{G}_{i}((0)x$ , tu)) $(i=1, \ldots, r)$ .
(9)
$k=1\Rightarrow 2\Rightarrow\cdots$ $\hat{G}_{i}^{(k)}(x, v)(i=1, \ldots, r)$
$\hat{D}^{(k)}\equiv F(x, tu)-\hat{G}_{1}^{(k-1)}$ ( $x,$ tu) $\cdots\hat{c}^{(}rk-1)$ ( $x$ , tu) (mod $I_{k+1}$ ) (10)
$=\hat{d}_{n-}^{(k)}1(.tu)x^{n}-1+\cdots+\hat{d}^{(k}0)$ (tu) $x^{0}$ ,




2 Hensel Hensel $G_{i}^{(0)}(x)\Leftrightarrow\hat{G}_{i}^{(0)}$ ( $x$ , tu)
$G_{i}^{(k)}(x, v)\equiv$ [Taylor expansion of $\hat{G}_{i}^{(\infty)}(x,$ $s+v)$ ] $(\mathrm{m}\mathrm{o}\mathrm{d} (v)^{k+1})$ (12)
3 (Sasaki-Kako, 1993). $\hat{c}_{i}(k)$ ( $x$ , tu) $=\hat{G}_{i}^{(k-1})$ ( $x$ , tu) $+\delta\hat{G}_{i}^{(k)}$ ( $x$ , tu) $\text{ }$
$\delta\hat{G}_{i}^{(k)}$ ( $x$ , tu) – $u_{1},$ $\ldots,$ $u\ell$ $x$
$t^{\lambda}$
16
4 (Sasaki-Kako, 1993) $\hat{G}_{i}^{(0)}$ ( $x$ , tu) $x$ $t$
$k$ $\hat{G}_{i}^{(k)}$ ( $x$ , tu) $x$ $t$ ( $u_{1},$ $\ldots,$ $u\ell$
)
3 Hensel $i$ 2





$F(x, u)=x^{2}-2(u_{1}+u_{1}^{2})x+u_{1}^{2}-u_{2}2-u^{2}3+2u_{1}^{3}+u_{2}^{3}+u_{3}^{3}+u_{1}^{4}$ . (13)





$\hat{G}_{1}^{(2)}$ ( $x$ , tu) $=$ $x-(tu_{1}+t^{2}u_{1}^{2})- \sqrt{u_{2}^{2}+u_{3}^{2}}\cdot[t-t^{2_{\frac{u_{2}^{3}+u_{3}^{3}}{2(u_{2}^{2}+u_{\mathrm{s}})2}}}+t^{3}\frac{(u_{2}^{3}+u_{3}^{3})^{2}}{8(u_{2}^{2}r+u)^{2}32}]$,





5 (integral, non-integral w.r.t. $u_{j}$ ) Let $\hat{G}_{i}^{(\infty)}$ ( $x$ , tu) be an extended Hensel fac-
$tor$ of $F(x, u)$ , and let $T_{k}(X, u)t^{k}$ be a term of $\hat{G}_{i}^{(\infty)}$ ( $x$ , tu), of degree $kw.r.t$. the total-
degree variable $t$ . If, for any $k,$ $T_{k}(x, u)$ is a polynomial in variable $u_{j}$ , then we say
$\hat{G}_{i}^{(\infty)}(x, u)$ is integral $w.r.t$ . $u_{j}$ , otherwise $wa$ say $\hat{G}_{i}^{(\infty)}(x, u)$ is non-integral $w.r.t$. $u_{j}$ .









– Hensel $W_{i}^{(l)}(x)$ Hensel
$\hat{W}_{i}^{(l)}$ ( $X$ , tu)
6 $G_{i}^{(0)}(x)$ $A(x)=a_{n-1}x^{n-1}+a_{n-2^{X^{n-2}}}+$
. . . $+a_{0}$
$W_{i} \otimes A=\sum_{l=0}^{n-}W(i)1(\iota)x\cdot a\iota=0$ (14)
7 $G_{i}^{(0)}(x)$ $(_{i,1},$ . . , $\zeta_{i,r\iota_{i}}$ :
$G_{i}^{(0)}(x)=(x-\zeta_{i,1})\cdots(x-\zeta_{i,n}i)$ ( $\zeta_{i,j}\neq$ ( for $\forall j\neq j^{\mathit{1}}$ ). (15)
Moses-Yun $W_{i}^{(l)}(x)$ $(_{i,j}$ ($j=1,$ $\ldots$ , ni)
$W_{i}^{(l)}(_{X)}= \sum_{j=1}^{n_{i}}\frac{\zeta_{i,j}^{l}}{\mathrm{d}F^{(0)}(x)/\mathrm{d}_{X}|x=\zeta i,j}$ . $\frac{G_{i}^{(0)}(x)}{(x-\zeta_{i,j})}$ . (16)
( $c_{i}^{(0)}(X)$ )
- Hpnsel $\delta$ : $(s_{1}, \ldots, s_{\ell})=$
$(\delta_{1}, \ldots, \delta_{l}),$ $\delta$
$\mathrm{d}\mathrm{e}\mathrm{f}=$
$\delta_{i}/\delta$
$\delta_{i}=\delta\cdot(\delta_{i}/\delta)$ $D^{\mathrm{a}}\mathrm{b}\mathit{0}$ ? $-\nu \mathit{0}_{1}/\delta,$ $\ldots,$ $\delta_{l}/\delta$
Hensel – Hensel
Moses-Yun
8 (leading order terms) Let $H(x;\delta)$ be a polynomial in $x$ with coefficients in
Taylor or Laurent series in $\delta^{e/n}$ . By 1ot $(H(X, \delta))$ , or leading order terms of $H$ , we
denote the sum of all the terms of $H(x, \delta)$ , of the smallest total-degree $w.r.t$. $x$ and $\delta^{e/n}$ .
9 $\delta$ $0<\delta\ll 1$ $F(x, \delta)=\prod_{i=1}^{r}G_{i}^{(0)}(x;\delta),\hat{F}_{\mathrm{N}\mathrm{e}\mathrm{w}}$ ( $X$ , tu) $=$
$\prod_{i=1i}^{r}\hat{G}^{()}$ ($x0$ , tu) $G_{i}^{(0)}(x;\delta)\Leftrightarrow\hat{G}_{i}^{(0)}(x, \delta)(i=1, \ldots, r)$
1ot $(Wi(l)(x;\delta))=\hat{W}^{(\iota)}(_{X,\delta)}i$ $(i=1, \ldots, r;l=0,1, \ldots, n-1)$ , (17)




$r\geq 3$ (5) (6)
10 $D^{(0)}(x)=F^{(0)}(x),$ $D^{(1)}(x, v)=F^{(1)}(x, v)$ $W_{i}\otimes F^{(0)}=G_{i}^{(0)}$
$D^{(k)}(x, v)(k=2,3, \ldots)$ ( $\sum_{k_{1}k_{\Gamma}=}^{k-1}+\cdots+k$
$k_{1}+\cdots+k_{r}=k$ k $0$ $k-1$ )
$D^{(k)}(x, v)=F^{(k)}(x, v)- \sum_{kk_{1}+\cdot\cdot+k_{r^{=}}}^{-}[Wk.11\otimes D^{(k_{1})}\cdots W_{r}\otimes D^{(k_{\Gamma})}]$. (19)
$[\cdots]$ $r\geq 3$ $k_{i}=0$
( $k_{1},$
$\ldots,$
$k_{r}$ $r=2$ ) $k_{1}=0$
$[W_{1}\otimes D^{(0)}\cdot W_{2}\otimes D^{(k_{2})}\cdots W_{r}\otimes D^{(k_{\Gamma})}]=G_{1}^{(0)}\cdot[W_{2}\otimes D^{(k_{2})}\cdot : \cdot W_{r}\otimes D^{(k_{\Gamma})}]$
$G_{1}^{(0)}$ 6 Wl\otimes [ ] $=0$
$\delta G_{1}^{(k)}(x, v)$
4.2 $\exists$
$G_{i}^{(0)}(x)$ $G_{j}^{(0)}(x)(i\neq j)$ (6) $W_{i}^{(l)}$
(16) ( (16) $G_{i}^{(0)}$
“ ” )
$c_{i}^{(k)}(X, v)=c_{i}^{(k-1)}(x, v)+ \sum_{=j0}^{n_{i}}\frac{D^{(k)_{(}}\zeta\backslash i,jv)}{\mathrm{d}F^{(0)}(x)/\mathrm{d}_{X}|x=\zeta i,j},$ . $\frac{G_{i}^{(0)}(x)}{(x-\zeta i,j)}$ . (20)
(19) $[W_{1}\otimes D^{(k_{1})}\cdots W_{r}\otimes D^{(k_{r})}]$
11 (19) $[W_{1}\otimes D^{(k_{1})}\cdots]$ $k_{1}\geq 1,$ $\cdots,$ $k_{q}\geq 1(q<r)_{\text{ }}$
$k_{q+1}=\cdots=k_{r}=0$
$[W_{1r} \otimes D^{(k_{1})\ldots(}W\otimes Dkr)]=\sum_{j11}n=1\ldots j_{q}=1\sum nq[\prod_{i=1}\frac{D^{(k_{i})}(\zeta_{i,j}i’ v)}{\mathrm{d}F^{(0)}(x)/\mathrm{d}x|_{x}=\zeta i,j_{i}}]\frac{G_{1}^{(0)}(X)\cdots G^{()}r(0X)}{\prod_{i=1}^{q}(x-\zeta i,ji)}q$ .
(21)
19
$q\geq 2$ $G_{1}^{(0)}(x)$ $c_{2}^{(0)}(X)$
$\zeta_{i,j_{i}},$ $\zeta_{i,j_{i}’},$ $\ldots(i=1,2)$ $x-\zeta_{2,j_{2}^{J}}=x-\zeta 1,j1+\zeta 1,j_{1^{-}}\zeta 2,j’2$
(21)
$\frac{G_{1}^{(0)(}(X)\cdots G_{r}(X)0)}{\prod_{i=1}^{q}(x-\zeta i,ji)}$ $=$ $\frac{x-\zeta 1,j1^{+}\zeta 1,j1-\zeta 2,j_{2}’}{x-(_{2,j_{2}}},\cdot\frac{G_{1}^{(0)}(x)}{x-\zeta_{1,j_{1}}}\cdot\frac{G_{2}^{(0)(}(X)\cdots G_{r}(X)0)}{\prod_{i=2}^{q}(x-\zeta i,ji)}$
$=$ $G_{1}^{(0)}(X) \cdot\frac{G_{2}^{(0)(}(X)\cdots G_{r}(X)0)}{(x-\zeta_{2,j}\prime 2)\prod iq(_{X}=2-\zeta i,j_{i})}$ (22)
$+ \frac{\zeta_{1,j_{1}}-\zeta 2,j_{2}\prime}{(x-\zeta_{2,j^{;)}}2}$ . $\frac{G_{1}^{(0)}(X)\cdots G^{()}r(0X)}{\prod_{i=1}^{q}(X-\zeta i,ji)}$ .
6 – $G_{1}^{(k)}(x, v)$ $-$
$\text{ _{}-}^{-}$
.
$\zeta_{1,j_{1}}$ \simeq \mbox{\boldmath $\zeta$}2, -- (21)
$G_{i}^{(k)}(x, v)$ “ ”
4.3 $\exists$
Hensel
12 (conjugate Hensel factors) For $\hat{n}\in \mathrm{Z},\hat{n}\geq 2$ , we define a mapping $\mathcal{R}_{\hat{n}}$ as
follows, where A is a field of algebraic functions in $u_{1},$ $\ldots,$ $u_{l}$ .
$\prime \mathcal{R}_{\overline{n}}$ : $\mathrm{A}\{t^{1/\hat{n}}\}[x]$ $arrow$ $\mathrm{A}\{t^{1/\hat{n}}\}[x]$ ,
(23)
$G(x, t1/\hat{n}, u)$ $\vdasharrow$ $G(x, e^{2\pi i/1/}\hat{n}t\hat{n}, u)$ .
Since $\mathcal{R}_{\hat{n}}F(x, tu)=F(x, tu)\in \mathrm{C}$ [$x$ , tu], we may have $\hat{c}_{i_{1}}^{(k)},$ $\ldots,\hat{G}_{i_{m}}^{(k)}$ satisfying
[$R_{\hat{n}}\hat{G}_{i1}^{(k)}(x,$ tu)] $\cdots[\mathcal{R}_{\overline{n}}\hat{G}_{i_{m}}^{(k})(x, tu)]=\hat{G}_{i_{1}}^{(k)}$ ( $x,$ tu) $\cdots\hat{G}_{im}^{(k})(x, tu)\in \mathrm{A}[x, t]$ . (24)
The Hensel factors $\hat{c}_{i_{1}}^{(k)},$ $\ldots,\hat{G}_{i_{m}}^{(k)}$ which satisfy (24) and each of which contains truly
fractional power terms $w.r.t$ . $t$ are called conjugate.







$(s_{1}, \ldots, s_{\ell})=(\delta_{1}, \ldots, \delta_{p}),$ $\delta^{\mathrm{d}}=^{\mathrm{e}\mathrm{f}}\sqrt{\delta_{1}^{2}++\delta_{l}2}\ll 1$ $\delta_{i}=\delta\cdot(\delta_{i}/\delta)$ $\delta$
$\deltaarrow 0$
13 $\deltaarrow 0$ $i\in\{1, . , . , r\}$ $l< \min\{n-n_{1}, \ldots, n-n_{r}\}$
$W_{i}^{(l)}(x)$ $-$
14 (5) $D^{(k)}(x, v)\neq 0$ $i\in\{1, \ldots, r\}$ $W_{i}\otimes D^{(k}$ ) $\neq 0$
$\hat{G}_{i}^{(\infty)}$ ( $x$ , tu) $u_{1}$ integral
$D^{(k)}(x, v)$ $x^{l}t^{k}u_{1}^{k}(0\leq l<n)$ Hensel
$\delta\hat{G}_{i}^{(k)}=\hat{W}_{i}\otimes\hat{D}^{(k)}$
$D^{(k)}$ $\deltaarrow 0$
13 14 Hensel $\delta G_{i}^{(k)}$
$\hat{G}_{i}^{(\infty)}$ ( $x$ , tu) $u_{1}$
Jim [$G_{i}^{(\infty)}(x,$ $v)$ $v_{1}$ ] $=$ Jim [ $\hat{G}_{i}^{()}\infty(x,$ $v+\delta)$ $v_{1}$ ]
15 Hensel $\hat{G}_{i}^{(\infty)}$ ( $x$ , tu) $u_{1}$ integral (10)









$c_{i}^{(0)}(X)(i=1, \ldots, r)$ x\sim






$\delta)$ ( $L$ ) $\delta<<1$ $L\gg 1$
$F(x, u)$
5.1 $F(x, u)$
$F(x, 0)=f_{n}(\mathrm{o})x^{n}+\cdots+fm(0)X^{m}(f_{m}(0)\neq 0)$ $\tilde{F}^{(0)}=f_{n}(0)X-m+n\ldots+f_{m}(\mathrm{o})$ ,
$\hat{F}^{(0)}=x^{m}$ – Hensel
$F(x, u)\equiv\tilde{F}^{(k)}(x, u)\hat{F}(k)(x, u)$ $(\mathrm{m}\mathrm{o}\mathrm{d} (u)^{k+1})$
$\tilde{F}^{(k)},\hat{F}^{(k)}$
$\hat{F}^{(k)}$ $(x, u)$
$F(x, u)$ $\hat{F}(x, u)$
$|\delta|\ll 1$ $F(x, \delta)$ $n$
$F(x, u)$ 1
$F(x, u)$
Restriction A $F(x, \delta)$ is $sqn$are-free, $i.e.$ , it $h$as no multiple root.
Restriction $\mathrm{B}$ The Newton line for $F(x, u)$ is $e_{x}/n+e_{t}/e_{0}=1$ , that is, for each
$i\in\{0, \ldots, n\},$ $e_{i}$ in (1) satisfies $i/n+e_{i}/e_{0}\geq 1$ . Below, we put $e=e_{0}$ .
Restriction $\mathrm{C}$ The a$b\mathrm{s}ol\mathrm{u}teval\mathrm{u}e$ of each $n\mathrm{u}m$erical coefficient $c$ of $F(x, u)$ is not
$m\mathrm{u}ch$ different from 1, say, $|c|\leq 3$ and $|1/c|\leq 3$ .
22
$\mathrm{o}\mathrm{r}\mathrm{d}(f_{n})=0,$ $\mathrm{o}\mathrm{r}\mathrm{d}(f\mathrm{o})=e$ $F(x, \delta)$ $O(\delta^{e}/n)$
$\{$
$\zeta_{i,j}=O(\delta^{e/n})\neq o(\delta^{e}/n)$ $(j=1, \ldots, n_{i})$ , $i=1,$ $\ldots,$ $r$ ,








$W_{i}^{(l)}(x)$ $=$ $w_{i,1}^{(l)}xn_{i}-n_{i}-1+w_{i,2}(\iota)-2(\iota)ni-x^{n_{i}}+\cdots+w_{i},x00$ .
(26)
(16) (25) $g_{i,j}^{()}0$ $w_{i,j}^{()}l$
( (28) (18) $\circ$ $w_{i}^{(l)},j$
)
$\{$
$g_{i,j}^{()}0=O(\delta^{(n_{i}-j)}e/n)$ ($j=0,$ $\ldots,$ ni),
$g_{i,n_{i}}^{(0)}\neq o(\delta^{0})$ , $g_{i,0}^{(0)}\neq o(\delta n_{i}e/n)$ ,
$i=1,$ $\ldots,$ $r$ , (27)
$w_{i,j}^{()}\iota=O(\delta^{\iota e}/n-(n-1)e/n)\cdot o(\delta(n_{i}-1-j)e/n)=O(\delta^{-(n}-\iota-ni+j)e/n)$ . (28)
$S^{(k)}(x, v)$
$\mathrm{d}\mathrm{e}\mathrm{f}=$
$[W_{1}\otimes D^{(k_{1}.)}\cdots W_{r}\otimes D^{(k_{r})}]$ $S^{(k)}$ $W_{i}\otimes S^{(k)}$
(2) $f_{j}^{(k)}(v)$
$||f_{j}^{(k)}||=O(\delta^{\max\{-k}0, e_{j}\})$ , $j=0,1,$ $\ldots,$ $n$ . (29)
$W_{i}\otimes F^{(k)}$ ( ) $W_{i}^{(l)}(x)f_{l}^{(}k)(v)$
$l$ $W_{i}\otimes F^{(k)}$
$\{$
$W_{i}\otimes F^{(k})$ $=$ $\phi_{i,n}^{(k)}-1(iv)X^{n_{i}-}+1\phi^{(k)}i,n_{i}-2(v)_{X^{n_{i}}}-2+\cdots+\phi_{0^{k)0}}((v)_{X}$ ,
where $|| \phi_{i,j}^{(k)}||=O(\delta^{(n}‘-j)e/n-\min\{e,k\})$ .
(30)
16 Restriction $\mathrm{A},$ $\mathrm{B},$ $\mathrm{C}$ $D^{(1)},$ $D^{(2)},$ $\ldots.D^{(k)}$
$S^{(k)}(x, v)\mathrm{d}\mathrm{e}\mathrm{f}=[W_{1}\otimes D^{(k_{1})}\cdots W_{r}\cdot\otimes D^{(}k_{\Gamma})]$ $W_{i}\otimes S^{(k)}$
$\{$





$W_{i}\otimes S^{(k)}$ $=$ $\sigma_{i,n_{\dot{1}^{-1}}}^{(k)}(v)_{X}ni-1+\sigma i,n_{i}(k)(v)_{X+\cdots+}n_{i}-2(-2\sigma_{0}(k)\mathrm{o}v)_{X}$ ,
where $||\sigma_{i,j}^{(k)}||=O(\delta^{(}n_{i}-j)e/n-k)$ .
(32)
$\hat{G}_{i}^{(\infty)}$ ( $x$ , tu) $u_{j}$ non-integral $\hat{G}_{i}^{(\infty)}$ ( $x$ , tu) $(x, t\delta+tv)$ ,
$\mathrm{t}\deg_{t}$ ( ) $=\kappa_{\text{ }}$ $v_{1},$ . $‘$ . , Taylor $v_{1}^{e_{1}}\cdots v_{p^{\ell}}^{e}$
$c$ $c=O(\delta^{\kappa-}e1-\cdots-e\ell)$ $||\delta G^{(k)}i(x, v)||=O(\delta^{-k})$
16 $W_{i}\otimes S^{(k)}$ $O(\delta^{C})$ , $c$
$-$ $\hat{G}_{i}^{(\infty)}$ ( $x$ , tu) integral $\hat{T}_{\kappa}(x, t\delta+tv)$
$u_{j}$
$\deltaarrow 0$ – 16
$O(\delta^{-k})$
17 Restriction $\mathrm{A},$ $\mathrm{B},$ $\mathrm{C}$ $\hat{G}_{i}^{(\infty)}$ ( $x$ , tu) $u_{j}$ integral
$D^{(k)}(x, v)$ $O(\delta^{-k})$
$\hat{G}_{i}^{(0)}$ ( $X$ , tu) $u_{j}(1\leq j\leq$ non-integral
$O(\delta^{c})\text{ }$ $c$
5.3
$F(x, u)$ $(s_{1}, \ldots, s_{l})$
:
$(_{S_{1},\ldots,Sp})=(L_{1}, \ldots, L_{\ell})$ , $L\mathrm{d}\mathrm{e}\mathrm{f}=\sqrt{|L_{1}|^{2}++|L\ell|^{2}}>>1$ . (33)
$F(x, L+v)$ (2) $||f_{j}^{(k)}||$
$||f_{j}^{(k)}||=O(L^{E_{j}-k})$ , $j=0,1,$ $\ldots,$ $n$ . (34)
$F^{(0)}(x),$ $F^{()}1(x, v),$
$\ldots$
18 We define ascale transformation $\mathcal{T}s$ , with $S$ a positive number, which acts on




$F^{(k)},$ $c_{i}(0)$ $\tilde{F}^{(k)},\tilde{c}_{i}(0)$ $G_{i}^{(0)},$ $W_{i}^{(l)}$ ,
$W_{i}\otimes F^{(k)},$ $D^{(k)}$
$\tilde{G}_{i}^{(0)}(x)$ $=$ $S^{-n_{i}}G_{i}^{(0)}(Sx)$ , $n_{i}=\deg(Gi(0))$ $(i=1, \ldots, r)$ , (36)
$\tilde{W}_{i}^{(l)}(x)$ $=$ $s^{n-n_{i}-\iota_{W^{(}}}i\iota)(Sx)$ $(l=0,1, \ldots,.n.-1;i=.1, \ldots, r)$ , (37)
$\tilde{W}_{i}\otimes\tilde{F}^{(k)}$ $=$ $S^{-n_{i}}\cdot[W_{i}^{(n-}1)(Sx)f^{(k)}n-1(v)+\cdots+W_{i}^{(0)}(Sx)f_{0}(k)(v)]$ . (38)
(19)
19 2.1 – Hensel
$S$
$S$ 1 $F$ ( $x$ , tu) $(e_{x}, e_{t})-$
Newton $N$
1 Newton $N$
$\mathrm{E}1$ . Illustration of the Newton polygon
Line $\mathcal{L}$ is the Newton line.
Newton $N$ : $0=i_{0}<i_{1}<\cdot\cdots<i_{\kappa-1}<i_{\kappa}=n$ .
$(0, E_{0})=(i_{0}, E\mathrm{o}),$ $(i_{1}, E_{i_{1}}),$ $\cdots,$ $(i_{\kappa-1}, E_{i_{\kappa-}}1),$ $(i_{\kappa}, E_{i_{\kappa}})=(n, E_{n})$ , (39)
( 1 $\mathcal{L}_{3}$ ) $0$ $S$ :
$S=L^{()/(}E_{i_{\kappa-1}}-E_{n}n-i_{\kappa}-1)$ (40)
1 $n=5,$ $i_{\kappa-1}=4,$ $E_{n}=1,$ $E_{i_{\kappa-1}}=3$ $S=L^{2}$
25
(40) $S$ $\tilde{F}(x, L)$
$\tilde{F}^{(0)}(x)=\tilde{f}n((0).-\tilde{z}X1)(x-\tilde{z}2)\cdots(x-\tilde{z}_{n})$ , (41)
$\{$
$i_{\kappa-1}<j\leq n$ : $\tilde{z}_{j}=O(L^{0})$ ,
$i_{\kappa-2}<j\leq i_{\kappa-1}$ : $\tilde{z}_{j}=O(L^{-(E_{n}}E_{i_{\kappa}}-1-)/(n-i\kappa-1)+(E_{i_{\kappa-2}}-E_{\mathrm{i}_{\kappa}}-1)/(i_{\kappa-}1-i\kappa-2)),(42)$
. :
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